Introduction
Defining relevant market areas is critical in testing for market power, yet describing market areas is difficult. The large and rapid consolidation of the beefpacking industry during the past 15 years has motivated considerable research assessing market power in cattle markets (e.g., Schroeter; Menkhaus, St. Clair, and Ahmaddaud; Ward; Marion, Geithman, and Quail).1 However, major structural changes have occurred at other points in the beef marketing channel. For example, the number and size of feedlots that are close to large packing facilities are growing.
2 Contracts between packers and feedlots are also more common now than 10 years ago (Ward; Schroeder et al.) . These structural changes (number, size, location of firms, and growth in contractual arrangements) suggest feeder cattle buyers may be able to pay different prices for cattle depending on the cattle's location and the level of competition they face at each location (spatial price discrimination)
) (Greenhut and Benson) .
The objectives of this study are to 1) define major market areas for feeder cattle buyers, 2) develop a statistical test using spatial statistics to determine feeder cattle buyer market areas, and 3) determine the effect on feeder cattle prices resulting when locations are either dominated by buyers from only one market area or are located where market areas overlap.
A test of monopsonistic buyer behavior in feeder cattle markets must include a clear delineation of market areas. Buyers in spatially separated markets probably compete directly with each other only within a given procurement area and may pay different prices for cattle within their service ( market) area than in locations located in more than one market area (Benson and Faminow; Bailey and Peterson) .
Since secondary data identifying relevant feeder cattle market areas are not publicly available, primary data provided by the nation's largest cattle video auction are used to determine market areas. Cattle sold at the video auction come from most major feeder cattle production areas. Buyers from all major cattle feeding locations participate, making it possible to study the size and shape of several different market areas.
While ~ot all cattle sold thr<;lugh the video auction are shipped to feedlots, the term "feeding area" is used to describe where the feeder cattle were concentrated following shipment after sale. Major feeding areas are identified by mapping the destinations to which feeder cattle were shipped after they were sold at the video auction. The geographic boundaries of the market areas associated with these major feeding areas are determined by mapping s~pment data and by calculating spatial statistics. Maps can identify where feeder cattle that were eventually shipped to a feeding area after sale were located at the time they were sold at the auction. Thus, mapping assumes that shipments define the market area. However, shipment data may not provide a clear picture of the market area boundaries since the mappings of different market areas may have substantial overlaps.
Spatial statistics have been used to identify geographical groupings for different types of variables, including economic characteristics, and may help provide information about the '. location of market area boundaries. This study examines the ability of traditional spatial statistics to adequately identify empirical market areas for feeder cattle and also proposes an alternative statistic for identifying empirical market areas.
Finally, this study determines the impact on feeder cattle prices of buyer concentration where concentration is defined as the dominance of purchases in a county by buyers from one feeding area This is accomplished by regressing feeder cattle prices on a spatial statistic developed in this study which measures the proportion of cattle purchased in each county by buyers from the feeding area.
Spatial Market Theory
The sizes and shapes of market areas have been addressed frequently in the literature during the last several decades. Classical spatial theory suggests that spatial markets tend to be monopolistically competitive 3 and that market areas tend to be shaped as hexagons with processing plants near the center of the market area (Chamberlin; Bressler and King; Greenhut) .
However, the monopolistically competitive model assumes that the distribution of resources and) population of buyers and sellers are evenly distributed across space (Greenhut) . Both of these assumptions are violated in feeder cattle markets since feeder cattle are distributed unevenly because of an uneven distribution of feed resources. Also, feeder cattle buyers tend to be located near beef processing plants (see endnote 1). In this s~dy, shipment data are used to map empirical market areas for feeder cattle.
Shipment data may not always be appropriate to identify relevant market areas since one region can be an effective competitor even if no commodity is actually shipped to another region (Greenhut and Benson, p. 8) . Thus, the relevant market area for feeder cattle might be larger than that identified with shipment data. However, the results presented here will
show that market areas for buyers from the major feeding areas are large and overlap substantially. Also, almost 24,000 observatio~ are used to complete the market area maps Predicted discounts for transportation costs are obtained by multiplying the regression coefficients for MILES and MlLESQ by the number of miles the cattle were shipped after sale and by the number of miles squared, respectively, then summing the results. When estimating this discount, some assumption about the intercept term relating prices to distance shipped was necessary. This is done by assuming that the predicted discount was equal to actual transportation costs at 100 miles and solving for the intercept ($0.357/cwt.) .6
Actual transportation costs incurred by buyers for each lot of cattle are estimated using trucking rates provided by livestock trucking firms.
Spatial Statistics
The geographical distribution of feeder cattle suggests that some type of spatial autocorrelation or grouping of purchases by feeder cattle buyers exists since feeder cattle supplies are not evenly distributed across space. These types of spatial data can be described by spatial statistics, or statistics based on data measured at specified locations (Haining 1990) . Spatial statistics are commonly used in the geography and economic geography literature to determine if various phenomena occur in spatial clusters. For example, two general spatial autocorrelation indices, the Moran and Geary statistics, have been used to identify whether cancer mortality rates are more likely to occur in adjoining counties or are randomly spread across spatially dispersed counties (Haining 1984) . The
Moran statistic (I) takes the following form:
where n is the number of areas being considered (in'this study counties); L is the number of links ~r common borders in the system; Xj and ~ are the ith and Jh counties, respectively; i is the mean value for all areas; and a ij is 1 if Xj and ~ are contiguous and 0 otherwise.
The Geary statistic (C) is calculated as follows:
The Moran and Geary statistics are similar in that they measure the relative covariance among groups of contiguous areas relative to the variance for all areas. Also, both the Moran and Geary statistics are distributed as standard normal variates (Haining 1990, p. 233; Taylor p. 121-22) .
While the Moran and Geary statistics can be used to determine if areas like counties are grouped by economic characteristics, they fail to identify where within a group of counties clustering is occurring. This suggests the Moran and Geary statistics are of limited value in identifying empirical market areas. In fact, past economic studies using the Moran and Geary statistics have been'required to use theoretical boundaries to delineate market areas (e.g., Fik 1988; Fik 1991; and Haining 1984) .
Since distance and its associated costs are expected to be the principal economic factors determining market areas, a measure of grouping based on distance is expected to be more help¥ in identifying empirical market areas than measures based on physical contiguity. Getis and Ord suggest a distance statistic of the following form to identify spatial groupings:
where w ij is a symmetric one/zero matrix with ones for counties within distance d from i and zeros for all other points including i itself. The numerator is the sum of all ~ (cattle sold at the video auction) within distance d of county i but not including Xj. The denominator sums all ~ not including Xj (Getis and Ord, p. 190) . It is possible that the G j statistic could be used to identify market area since it examines groupings for particular characteristics within a set distance rather than requiring areas to be physically linked. In this study, cattle sales within a set distance of a particular feeding area are examined using G j to determine if the proportion of sales within, say 100 miles of the feeding area, is statistically larger than if sales were evenly distributed across space (Getis and Ord, .
However, the G j statistic may also be problematic when measured using cattle sales since supply is not evenly distributed and G j will fluctuate with available supply. This suggests that a different measure based on relative demand rather than relative supply should be developed if buyer market areas are to be described adequately. The following statistic is based on relative demand and is used in this study to determine those geographic areas where the purchases of cattle from each of the major feeding areas is statistically larger than exgected, and, hence, where the boundaries of the primary market areas exist.
where Xjk are purchases in county i by buyers from major feeding area k, and K is the total number of feeding areas. The numerator represents purchases by buyers from one feeding area while the denominator represents all purchases in a particular location. The expected value of BTik is the proportion of all cattle offered for sale that were purchased by buyers from a particular feeding area.
BTik is used to identify those states where the proportion of sales are statistically larger than expected and thus indicates if a given state is in the primary market area for a particular feeding area. Since the distribution of BTik is unknown, the hypothesis L BTik-(Exik)/K for each market area is tested With bootstrapping (Noreen) . The bootstrap i-I is a nonparametric Monte Carlo procedure which requires no distributional assumption. BTik is also calculated for each county and included in the price model to ascertain if concentration of purchases in a county by buyers from one feeding area tends to reduce feeder cattle prices.
Regression Model
A competitive input market specifies that the price of an input (Le., feeder cattle) equals the value of its marginal product (VMP) to the buyer while monopsonists or oligopsonists are able to purchase a factor(s) at a price below its VMP (McAfee and McMillan; Greenhut, p. 195) . Consequently, a test for oligopsonistic behavior in feeder cattle markets should include a test for differences between feeder cattle prices and buyers'
VMPs.
IIi an auction, especially a video auction as used here, the number of buyers bidding for a particular lot of cattle may be limited by the location of the cattle and their quality characteristics. Counties that are dominated by a few buyers are expected to have prices below the buyer's VMP as a result of lessened competition. Conversely, counties where buyers from a number of feeding areas buy cattle, or where primary market areas overlap, would expect relatively high buyer competition resulting in prices closer to the highest bidder's VMP.
Successful bids at cattle auctions are also a function of cattle quality, market conditions, merchandising strategies, and market structure (Schroeder et al.; Buccola; Bailey, Brorsen, and Fawson; Faminow and Gum) . A hedonic model for successful feeder cattle bids is the following: MC mq is the qth market condition; MS ms is the sth market structure measure; e is the error term; ao is the intercept; and the c's, d's, and fs are parameter estimates.
The video auction data are cross-section time-series but with unequal numbers of cross-section observations. Contemporaneous correlation can be expected among the cross-section observations. The parameters of equation (5) were estimated with a one-way random effects model with the random effects being associated with time (Judge et al. TRUCK is 1 if the total weight of the lot was at least 40,000 (about one truckload) and 0 otherwise.
Since ca~t1e were sold FOB the seller's location and for future delivery, WRISK is included in the equation as the ratio of an acceptable deviation in weight above the estimated delivered weight specified in the sales catalogue description and the price slide in cents/lb. offered by the seller (see Bailey and Peterson, p. 395) . The breed designations are a set of binary variables that best describes the breed(s) in each 10t.
9
Flesh and frame 10 characteristics basically conform to the descriptions provided in the sales catalogs. ll The uniformity of the lot (UNIFORM) is a binary variable indicating " price differentials for lots that were uniform in size and weight, as indicated in the sales catalogue, relative to non-uniform lots.
The origin, or place the cattle were born, is assumed to influence prices because of the reputation cattle from different parts of the country have for feeding efficiency (Bailey, Brorsen, and Fawson) . A set of binary variable for origin are included for different regions with the MIDWEST acting as the base (see footnotes to Table 1 ). The origin regions designated basically group states by types of cow / calf operations and weather conditions.
The market characteristics in equation (5) include the closing quote for the feeder cattle futures on the day of the video auction sale for the futures contract with a maturity closest to but not preceding the delivery date specified by the seller (FUTURES). The
Friday quote for the appropriate futures contract was used if sales were on Saturday. The number of days between the date of the video auction sale and the delivery date specified by the seller (DATE) is also included in equation (5). Together FUTURES and DATE correct for different price expectations across time.
Market structure variables include a test for market power, (b m = VMP ml)' which is conducted as a one-tailed t-test of the parameter estimate for BTik in equation (5). In addition, a test for price differentials between locations located within more than one market area and location within just one market area is conducted as one-tailed t-test of the parameter estimate for variable called OVERIAP in equation (5) 
Identifying Market Areas Using Spatial Statistics
While mapping does illustrate that feeder cattle market areas do not conform to traditional spatial theory, they are unable to clearly delineate market area boundaries since so much overlap in the procurement areas exists. Table 3 lists the Geary and Moran statistics for the four major feeding areas and indicates that negative spatial autocorrelation exists for the Omaha, Greeley, and Dodge City markets. This suggests that dislike numbers of cattle were purchased in adjoining counties by buyers in these three feeding areas. This implies that s~e of purchases are not even across adjoining counties and are heavy in one location and light in others. Conversely, the Moran ' statistic for the Amarillo feeding area indicates that positive spatial autocorrelation existed for purchases by buyers from that region. In other words, if purchases by buyers from Amarillo were large in a given county, they tended to be large in adjoining counties. These statistics provide little relevant information about where market areas for feeder cattle exist, but they do show that purchases are not evenly distributed.
The G j statistic is calculated for distances from a specific point. The four counties with the largest numbers of cattle shipped into them in each of the four major feeding areas were identified and the G j calculated for those counties. Table 4 presents the G j for Grant County, Kansas, and similar results are found for the other counties for which the G j was calculated. The G j tests show that the distribution of shipments across space is uneven.
But, the sign of the Gj's follow no obvious pattern. The problem is that the G j statistic is simply reflecting the irregular distribution of feeder cattle supply. Consequently, the G j has limited use is defining market areas for feeder cattle since it identifies supply rather than demand. Table 5 lists those states identified using the BT it statistic to be part of the primary market area associated with each major feeding area. The information in Table 5 illn:strates clearly that transportation costs determine market areas since buyers at the feeding areas buy larger than expected numbers of cattle in the areas where they have a transportation cost advantage over the other market areas.
Buyers from Omaha and Amarillo are located near the edges of the buying activity in their primary market areas with the market areas for both extending away from the other major feeding areas. Buyers in the Amarillo feeding area buy a relatively large proportion of the cattle located to the south of Amarillo compared to areas north of Amarillo, while buyers in the Omaha feeding area tend to buy a relatively large proportion of cattle located to the north of Omaha. The Dodge City and Greeley feeding areas lie between Omaha and
Amarillo, but their primary market areas also extend away from Omaha and Greeley to the east and south. Greeley and Dodge City basically share the market in Colorado while Dodge City shares Oklahoma with Amarillo and Missouri with Omaha (Table 5 ).
Greeley's primary market area includes the states of Pennsylvania, Mississippi, and West Virginia. Obviously, transportation costs do not explain why these states would be in the Greeley market area. However, cattle from these states tended to have characteristics somewhat different than average (e.g. were light steers) suggesting cattle from these states served specific needs of a particular group of buyers. Also, relatively small numbers of cattle were sold from these states. Table 6 presents paired t-tests, based on distance, between the predicted reduction in the successful bid for transportation costs and estimated actual transportation costs paid by buyers. These results confirm that buyers practice spatial price discrimination by absorbing freight costs on cattle they purchase in distant locations. On the average, buyers begin to absorb freight if the cattle they are buying are more than 400 miles from their final destination. This provides a disincentive to purchase distant lots and less than 35 % of the J lots are shipped fewer than 400 miles and over 70%. fewer than 600 miles. Table 7 presents the feasible generalized least-squares parameter estimates of the hedonic price model (equation (5). Parameter estimates and signs of the parameter of lot and market characteristics are similar to the results of past studies using hedonic price models of feeder cattle prices (e.g., Buccola; Faminow and Gum; Schroeder et al.; Schultz and Marsh).
Tests for Spatial Price Discrimination and Price Differences in the Market Areas Resulting from Buyer Concentration
The parameter estimate for BT it (-1.136) indicates counties dominated by buyers from one feeding area receive lower prices than counties where buyers from several feeding areas are buying cattle, suggesting feeder cattle buyers are able to discriminate between the prices they pay for feeder cattle based on location. In the case of monopsony (BT it = 1), county price levels for 700-800 lb. steers would be depressed by about $8-$10/head. These results show that the impact of regionalized concentration is larger than overall concentration in a market when compared to previous studies (e.g., Bailey, Brorsen, and
The results also show that feeder cattle producers located where two or more market areas overlap (OVERlAP), receive substantial premiums compared to those located in only one market area (about $1.26/cwt.). A Wald test (Judge et al., p. 757) testing the restriction that the parameter estimates for BTik and OVERlAP summed to zero could not be rejected, suggesting the video auction is a competitive market for cattle lots offered for sale from counties located in more than one of the primary market areas.
Feeder cattle producers in areas with few local buyers can take some comfort in knowing that n;tarket areas for feeder cattle are large. Also, buyers are willing to absorb part of the transportation costs for cattle they purchase in distant locations. But, domination by buyers from only one market area does provide these buyers with market power.
Conclusions
Little information has been available about the size and shape of feeder cattle market areas. Maps of the buying densities at a large video auction during 1987 through 1992 presented in this study for buyers from major feeding areas suggest that feeder cattle market areas are not hexagonal. They are irregularly shaped and overlap extensively. Thus, new theories are needed to describe the size and shape of spatial markets.
An examination of primary market areas for feeder cattle using spatial statistics revealed that market areas are determined by relative transportation costs, and that the feeding areas may actually lie on the edge of a market area and extend in a direction away from competing feeding areas. While this behavior is consistent with some of the traditional theory of market areas for agricultural products (e.g., Bressler and King p. 145) traditional theory fails to explain why overlaps in market areas for feeder cattle exist.
Feeder cattle buyers act as oligopsonists or monopsonists in counties where most cattle are purchased by buyers from one feeding area (i.e., they pay a price less than the VMP of the input). Conversely, sellers of cattle located where two or more market areas overlap receive premiums since competition is greater than in counties with high buyer concentration.
Feeder cattle buyers practice spatial price discrimination by absorbing freight costs for cattle purchased in distant locations and discounting nearby cattle by amounts larger than estimateq transportation costs. Sellers located distant from the major feeding areas should be encouraged that feeder cattle market areas are large and that some freight absorption is occurring.
Endnotes
1. The methodology used in this study could also be applicable to fed cattle markets.
2. The number of feedlots with under 4,OOO-head capacity declined by almost 42% in the 13 major feeding states between 1980 and 1992, while the number of feedlots with over 4,OOO-head capacities increased by over 6% during the same period. Marketings by feedlots with under 4,OOO-head capacity declined from 39% of total marketings in the 13 states in 1978 to just over 23% of total marketings in 1992. During the same period, areas with large and/or modernized packing facilities such as Colorado, Kansas, Texas, Nebraska, and Oklahoma increased the number of fed cattle marketed by 25%, while marketings in the rest of the 13 major feeding states declined 34% (Western Livestock Marketing Information Project).
3. That is, plants tend to act as monopolists within an area determined by transportation costs and location of other plants.
4. Greenhut points out that these overlaps occur only if buyers practice spatial price discrimination in the form of freight absorption.
5. Although one livestock trucking firm is cited here, a number of trucking companies from several regions were contacted about the cost of trucking livestock. All indicated that a nonlinear relationship between costs and miles shipped exists.
6. Actual transportation costs/<.Wt. were estimated to be $0.56/<.Wt. for shipments of 100 miles «$2.50/<.Wt. *100)/450 cwts.», and the intercept was calculated by solving the following equation: .000(MILES) + .OOOOOO326(MILESQ) + a = $0.56.
7 . Feeder cattle are defined for this study as steers and heifers not sold as breeding stock.
That is, aU steers and heifers weighing less than 1000 Ibs. each and not listed as breeding stock.
8. This was the destination specified on the trucking record to which the cattle were shipped and not the buyer's home location.
9. Some subjectivity and grouping was required to separate lots into these broad categories. Greater detail about particular breeds is included in the sales catalogues, but little detail is given there about the number within each lot fitting each breed type. Consequently, the broader breed categories specified here are used.
10. One should expect that correlations between breed, weight, frame, and flesh characteristics should exist. The collinearity diagnostics in PROC REG in SAS (Condition Index) were used to determine if any multicollinearity existed in the variables. This resulted in several variables not being considered for estimation in equation (5).
11. Standard frame and flesh scores are not provided in the sales catalogues and sUbjective appraisal of the video auction representative who composed the description of a particular lot in the sales catalogue is used here. Some additional grouping to fit the relatively broad categories presented here was also done by the researchers.
12. All market areas exhibited substantial overlaps. The Amarillo and Dodge City maps are show here for illustrative purposes. Maps for the other market areas, and also for destinations to which cattle were shipped, are available from the authors. Binary variable equalling 1 if the lot is in a location located in more than one market area and zero otherwise. 1 Trend variable indicating the order in which the lot was sold within a sale. 
